
ON HIE MANUS AND PUS OF THYLACOLEO CARNIFEX OWKN
(MARSUPIAL!A)

by R. T. Wf.lls* and B. NrenoL ! *

Summary
Wi i is, K, T. & NlCHoi., B., ( 1977) On the manus and pes of TkyfocoteB ntrnifex Owen (Mar-

supialiu). Trafti, K. Soc, S. Ami. 101(6). 139-146,31 August, 1977.

An articulated left and right manus und < partially disarticulated left pes of the cave lion

1 hyhuolcu ciirtiijrx were recovered recently from a Pleistocene cave deposit at Naracoorte.
South Australia. The structure of the manus and pes is described. The manus is digitigrude
with limited flexion in digits II, [J], IV ;tnd V. Digit 1 is extremely robust, bears a large hooded
ungual crest and is pseudopposablc to a spatulate pisiform, The pes is plantigrade with major
part of the weight transferred through the astragalus to the calcuneum. Analysis of the structure

of the pes indicates syndactyly and the presence of a divergent hallux. The /nanus and pes
show structural affinities with the arboreal phalangends.

Introduction

T/iylatoIt'o camifex Owen (1859), the

"flesh eating marsupial lion", was described
from skull fragments from a late Pleistocene

deposit at Lake Colangulac, Victoria. Although
the looth formula of such thylaeoleonids is

typically phalangeroid, the animals are charac-
terised by development of exceedingly large

sectorial upper and lower third premolars,

large conical upper and lower first incisors and
a marked reduction in the remaining incisors,

canines and molars. The niche occupied by 7",

cutni/e.i therefore has been the subject of con-
siderable speculation (vide Gill 1954; Ftneh
1971 ). However recent studies of jaw
mechanics (Finch 1971 ) tend to support
Owen's conjecture that it was a large carni-

vore.

Finch (1971) made a preliminary analysis

of the skeleton and suggested that the relatively

long fore-limb may he used to strike at prey
in a fashion similar to that of Sarrophihts This
suggestion relied partly upon her interpretation

of the paw as a strong and heavy structure m
which the digits could not be widely separated

However the structure of the pes was unknown
to her, as the major portions of the hind feet

are missing from all the skeletal material pre-

viously reported. The following is a pre-

liminary description of the general morphology

and arrangement ot the bones of tht manus
and pes of this enigmatic animal.

Materials and methods

During excavations at Victoria Cave, Nara-
coorte, numerous skeletal elements of Thvlii-

colea were collected including the articulated

right and left manus with portions of the fore-

limb in association. The specimens were held

together by a patina of calcile. In the labora-

tory the left manus was partially cleaned, but

left in its fused state: the right manus was cure-

fully disassembled, each clement cleaned and
then reassembled (Fig. 1). fn the course of

preparation of the right manus the cuneiform
and pisiform of the left manus were recovered

from the sediment.

All specimens removed from the Victoria

Cave deposit are allotted numbers indicating

their positions in a three-dimensional grid

( Wells 1 975 ) . During the sorting of bone
material, portions of a disarticulated left pes

bearing similar grid reference numbers were
recovered. This partial pes (Fig. 3) is not

referable to any extant marsupial, nor could it

be attributed to any extinct form for which the

foot structure is known. The calcancum is con-
sistent with one recovered with skeletons from
James Quarry'' Naracoorte (M. Plane, pcrs.

comm.i. The close proximity of Thyfacoleo
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P 16679

iiu- i Assembled right amm (PH5679) ot I

camifvx. The 5 th medial phalange, cune-

iform and piriform are missing from this

specimen.

tibia and fibula, and similarity in proportions to

the manus, suggest that it is indeed the pes of

Thyhjcoteo.

The following specimens and casts of the

assembled right manus and left pes are lodged

at the South Australian Museum:
PI6678: left manus including fused carpus

P 16678a, cuneiform PI 6678b, pisdonn

P 1 6678c, fused mctacaipus P16678U, fufied

proximal and medial phalanges. P16678e,

distal phalanges P16678f.

PI 6679: right manus including scapholunar

PI 6679a, trapezium PI 6679b, trapezoides

Pi 6679c. magnum P16679d. unciform

PI6679e. metacarpals I to V PX661VL g, h,

i, j respectively, proximal phalanges I to V
PI 6679k, I, m, n, p respectively, medial

phalanges II to IV P16679q, r, s respectively

and distal phalanges I to V P16679u, v, w,

x, y respectively and sesamoids Pl6679z.

PK568G: left pes including astragalus PI6680a,
culeaneum P1668<>b, cuboid PI 6680c, navi

cular Pl6680d, metatarsals II, III. IV V
PI6680e, f, g. h respectively

Genera] description of the manus

The manus of Thylacoleo includes the cur-

pus, metacarpus, phalanges and certain sesa-

moids associated with them (Figs 2A, B). The
carpus is composed ot seven bones arranged in

two transverse rows. Articulating with the dis

lal row of carpals are Awe metacarpals. Four of

the five metacarpals are closely apposed, and

each bears three phalanges. Metacarpals It-V

show little lateral mobility, whereas the lirsl

(which is considerably shorter and mow
robust) bears only two stout phalanges. The
distal phalange of the first digit bears

extremely large ungual crest and ungual pro-

cess, suggesting the presence of a large

recurved claw or unguis. Unlike digits II to V.

ihe first is capable of considerable divergence

as well as flexion. It appears to be opposable

to a broad spatulale pisiform rather than to

ihe remaining digits.

Cat pus. In Thylacoleo there has been a loss

and fusion o) carpal elements to produce two
rows which have a transverse convex cranial

outline and a concave caudal one.

The proximal row is composed of three

elements, the scapholunar (a fusion or

scaphoid and the lunar) the cuneiform and a

sesamoid, the pisiform, The scapholunar articu-

lates with the distal end of the radius and l< h

on the trapc/oides, trapezium and portion of

the medial face of the magnum. The runt i-

form, or ulnar carpal is greatly reduced fn

comparison with most mammals ir is a small.

wedge-shaped bone concave on the proximal

surface for receipt of the styloid process ot the

ulnar, and convex on the distal surface where

it inserts in a basin in the unciform. U
broadens caudally and bears a facet on the

proximal surface at the point of attachment of

the pisiform. The pisiform is shoit. broad and
dorse ventrally Rattened and slightly expanded
distallv.

The distal rows of carpals is composed of:

trapezium, trapc/ouU-s, magnum and unciform,

'the trapezium (eaipale I) is a small flattened

bone in the form of a partial helix. It articu-

lates laterally with the trapezoides and distallv

with the first metacarpal: the proximal end in

serfs in B notch in the palmar face of thc

scaphotunar. Small rotations of (he trapezium

abOUt its articulation with adjacent carpal

bones result in considerable lateral-medial dis-

placement of the first digit.

The trapezoides (carpale 2) is a small wedge

shaped, proximo-disially compressed bone the



MANUS AND PES OF THYLACOLEO CARN1FEX OWEN 141

#" wr\

pH ©^^J iff?

<m~ ,

Oi
K
to

1--JV
^d ^^HP

CO

ID

CO

4 *

OD
P- %

MP*"
r

^1
in

9^
* -

>

en

CO

O -

Son

IJ

.Hp

°^ i
w ra w
g£fc
« « w

<-« D a.

U G 5J

SOO 50

•or, W

o •- „

3 w O.

go w

o § «

lis
E J3T3

S3 jo 6

.4



K. I. WblLS & B. N1CHOL

K
PI6M0

Ft4- 3< Dorsal view of (he partial left pes

tPt$680] oi T. carnifeXi The cuneiforms.

metatarsal li portion of metatarsal IV and
tlw phalanges are missing from .

i

men,

ventral face of which is approximately triangu-

lar lit outline. It articulates proximally wilh

seapholunar. medially with the trapezium. dis

tully with metacarpal 11 and laterally with the

magnum. The magnum (carpnle 3) forms a

triangular wedge between the seapfiolunai and

the Unciform which bear on it medially anil

laterally respectively. It has a narrow medially-

lalerally flattened palmar projection. It bears

distatly mainly on the third metacarpal wifll a

small portion bearing on the oblique lateral

projection ol metacarpal 11.

The unciform (carpalc 4) is the largest bone

in the carpus, its lateral aspect is convex and

extends down m a continuous curve behind the

fifth metacarpal A depression in the middle

of the proximal face receives the distal portion

of the cuneiform. The convex palmar face of

this bone bears facets which articulate will

i

metacarpals IV to V and the lateral face erf

the magnum.

Miiucurpus; There are hvc metacarpals here

numbered 1 to V from the medial to ihe lateral

side. Metacarpal I is exceedingly rohust. being

almost twice the ctoss-sectional area of the

remaining four metacarpals, yet only one-third

as long. The expanded head of metacarpal I

articulates proximally with the distal end of

the trapezium and at its furthermost lateral

displacement contacts the medial face of meta-

carpal II close ro its proximal end.

Distally the axis of articulation o! hmeiftcap-

pal I with (he pioximal phalanx is rotated

medially upproximalely 30 to the axis of

articulation with the trape/ium Mt tac.irpals II.

111. IV are closely apposed slender bones.

mcdially-laternlly flattened and rectangular in

cross section. Metacarpal II is shiihlly shorn:)

than 111 and IV v.hich ate :! almost E

length. The proximal ends ol these bone-

expanded and displaced laterally; the shape or

the articulating facets restricting movement Co

the dorso-vcntral plane Metacarpal 11 bears

proximo metlialK on trie trapC/oides and to a

lesser degree proximo-latcrally on the magnum
Metacarpal HI bears proxnuo-latetally oil the

lateral lace of the magnum while metacarpal

IV inserts proximally in a notch in the unci

fot m.

Metacarpal V differs from II. HI and IV in

the possession ol a pronounced lateral flange.

and lacks ihe expansion and lateral disp'.

ment of the proximal end; the aittculatin^ faocl

suggesting I small degree of latcral-mcd d

rotation in addition to the dorso-venlral.

Phahmu.vs: Digit I composed ol a pioximal and
distal phalanx tS eslremelv robust, the proxim;d

portion being approximately ?X ibe ctoss-sCl-

tJOfUl area and I.5X the length of the adjacent

proximal phalanges. The distal phalanx heats

a large ungual crest and ungual process. Dig I

H ro V, although containing a medial ns

as a proximal and distal segment, are overall

shghtlv shorter than those Of digit I All the

distal segments bear the shCBfhjiltg base of SI I

hooded claws. The ungual process of these

ments ':; rciftiivdy long and slender and js less

recuivcd than that of digit 1

Sesamoid bones: On the palmar surface ol

metacarpophalarm.il imiit of dibits 111 and IV

are two sesamoid hones articulating primarily

with the head of each metacaipal. and

secondarily with the palmar ttibcrckfl of each

proximal phalanx. A single sesamoid vvas found

associated with the metacarpophalangeal joint

of digit 11: the small sesamoid i'o\u\ii adla •<

to the proximo-distal phalangeal joint of <l

I is probably the other clement in this piiif,

77/r triti h(tti't\t>: of the gMXp h\ the m, inns

The relationship hfiween ariiculatuig facets

fetfld 10 determine the range o( movement
between adjacent bones. A lateral uievv of the

Hinge ol movements in digits 11 111, IV and V

is depicted »n Fig- 1 —m trie extended position

I At and Hexed (B), The distal phalanges arc

prevented liorr, opposing the palm by restricted

movement nl Ihe rnt*.laearpo-pfialau:.:eal joint

and id a lesser extent at the proximo-medial

i.ne-- 1
1 faint

Ilk dorsal view, with digits extended J Rg
Ihe exirtm^ divergence o] dijnl | itndtta attglw

divergence al digit v contrasts markedly with

the close apposition of digits II. HI and l\

The range "f tatero-rnedial movement m
digit I. and its relationship to the pisiform, is
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Fig. 4, (A) Lateral view of ihe right manus of

I caniijfx with digits fully extended;
(B) Medial view of the right manus of

T camiftw with digits fully flexed.

also shown in Fig. 5. Flexion of digit I and the

pisiform would bring them into close opposi-

tion and it is suggested that this is the primary

grasping movement. With the digits in their

most divergent position it can be seen that the

plane of the grasp is almost at 90° to the

remaining digits. A similar grasp is found in

the brushtailed possum Trichosurus vulpecultt

(Breeden & Hreeden 1970).

Description of the pes

The skeleton of the pes in mammals is com-
posed of the tarsus, metatarsus, phalanges and

associated sesamoids. The following hones are

missing from the partial pes recovered from
the Victoria Cave: the cuneiform bones of the

distal row of the tarsus, the first metatarsal, all

the phalanges and any associated sesamoids.

Fig. ftA, B.

Tarsus: The tarsus normally consists of seven

tarsal bones arranged in two rows with a cen-

tral bone, the navicular, between. The proxi-

mal row consists of the astragalus and cal-

eancum. In Thylacoleo the tibia and fibula

articulate only with the astragalus which is the

second largest bone in the tarsus. It articulates

proximally with the tibia and fibula, distally

with the navicular and ventrally with the cal-

caneum and the proximal dorsal surface of the

cuboid. The proximal surface of the main body
ot the astragalus bears a shallow trochlea

groove which articulates with the distal process

of the tibia, an oblique lateral facet articulates

with the lateral malleolus of the fibula. The
astragalus articulates with the calcaneum by

two distinct facets, a lateral concave one and a

medial convex one. The distal portion, (head

of the astragalus) bears a large convex,

rounded facet which articulates with the navi-

cular.

The calcaneum is the largest and longest

bone of the tarsus. It bears two facets on the

Kig. 5. Dorsal view of the right manus of T. car-

nifvx showing digits II to V fully extended
with digit 1 Hexed. The outline of the

cuneiform and pisiform was produced
from a mirror image of those from the

right manus.
Inset—depicts dorsal view of digit I in

extended position
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• ^&n
P 16680

<S$

PI6680

Fig (h Elements of ihc \ef\ pes of 7 CAffM/tt
upper — dor-sal view; lower = ventral
view, a, astragalus; b, calenneum; c T

cuboid; d, navicular: c. £ g, h, metaiar
sals n. in, iv, v.

proximal surface which articulate with those

on the distal surface of the astragalus to fonn
a stable interlocking joint. Ihc calcaneal

tuberosity is short, robust and slightly flared

caudally. The distal surface of the calcaneum
is deeply grooved dorso-ventrnlly where it

articulates with the proximal surface of the

cuboid. The navicular is the central bone in

the larsus* it articulates proximally by way ot

a large concave latern-medial facet with the

astragalus, ventrally by way of a small concave
facet with the cuboid and distally by way of a

large latero-medial convex facet with the miss

ing cuneiforms. A pronounced tuberosity on
the distal medial surface may articulate with
the proximal portion ot the missing medial
cuneiform. The remaining tarsal bone, the

Cllbold, appears to be as long as the combined
length of the navicular and the missing cunei-
forms. It articulates proximally by way of a

long narrow facet with the dorso-ventral

groove in the distal face of the calcaneum. Two
small facets occur on the dorsal surface; the

largei proximal one articulates with the astra-

galus while the smaller anterior one presum-

ably articulates with the missing lateral cunei-

form. It bears a small plantar process. The
distal end forms a large slightly recurved oval

surface which for 4/ 5th of its length articu-

lates with the proximal surface of metatarsal V
and for 1 / 5th with the lateral portion of the

|w<»\imal surface of metatarsal IV.

Metatarsus: Metatarsals II. HI and the proxi-

mal portion of IV (vera tound fused together

and in the vicinity of metatarsal V. A lateio-

medial section through the assembled metatar-
sals has a convex dorsal outline and concave
vential one (Fig. 7),

The structure of metatarsal I is unknown,
but the presence of a medial distal tuberosity

on the navicular is suggestive of a divergent

hallux comparable to Trichosurus. Metatarsals
II and III arc relatively short and slender

bones, their close apposition and general form
is similar to thai of the syndactylous toes in

Trkhosurtis, The size of the proximal portion

remaining of metatarsal IV and its relationship

to metatarsals III and V indicate that it may
have been the longest of the three. The lateral

halt" of the proximal facet on metatarsal IV
articulates with the dorsal 1/Sih of the distal

facet of the cuboid. A small proximo-lateral

facet articulates with the proximo-medial face

of metatarsal V. Metatarsal V is the most
robust of all four. It bears pronounced
tuberosities on the proximal and distal latero-

ventral surfaces. A large proximal facet articu-

lates with the cuboid, while a small ventro-

medial facet articulates with metatarsal TV.

In Thyfacoleo the greater part of the body
weight supported by the hind limbs is trans

fcrred ftom the astragalus onto the calcaneum
and portion of the cuboid. The surface area

of articulation of the calcaneum with the distal

tarsals Ifi 20^6 larger than that of the astragalus

suggesting a distribution of weight through
these elements to the metatarsals in the ratio

3:-. The larger portion of the weight is borne

* ^

T iv 7. Distal view of proximal sin

fece of metatarsals 2. 3. 4
and 5.
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bV metatarsal V und a small portion ot IV,

while the remaining 40% is borne by digits J,

II, III and a portion of IV. However the

slender nature of mttRtfirsalfl IJ and HI, and

the presence ot a pronounced medial tuberosity

on the navicular, suggests that much of Ibis

load j> borne by a robust divergent hallux.

The shallow trochlea groove, the plantigrade

nature of the stance [Fig, 3), the apparent syn-

dactyly of digits It and III and the inferred

presence of a large divergent pollex are charac-

teristics which in Australian marsupials

resemble most closely the pes of phalangeals.

Discussion

The digits of the hands of most mammals
diverge when extended, and converge when
flexed ( Haines 1958V Such bands are con-

sidered suitable for scrambling over rough

L'Mund ond, it clawed, to climbing; however

they appear unsuitable tor gripping branches of

irees unless used in a clasping maimer as is the

case with Ditl^/phtx virglniana (Haines 1
1
> 5 X

>

Cartmill (1974) examined the non-primate

arboreal scjurids, and concluded that in the

structure of the hand the arboreal genera were

distinguishable from the terrestrial forms only

hy their longer 4th digits and carpal pads and

sluirpci, moie recurved claws. Bishop (1964)

found little anatomical difference m the hands

of terrestrial and arboreal carnivores.

Animals which climb by grasping branches

e.g many primate species, usually have prehen-

sile bands, II carpo-melacaipal movement is

restricted to one plane, the divergent thumb is

classified by Napier U%h as pseudo-oppos-

anlc bui opposable il the thumb Can rotate

about the carpo-metacarpal joint so RG la

oppose the remaining digits

In primates the degree of curvature of the

carpal arch is related to the cxlcnl of oppn-Sa-

bility of the thumb and to the size and func-

tional nature of the long ft&XOW Ol the dfaltS

1 hese lie in a tunnel formed by the Carpal ftTCh

and the llexor retinaculum which binds the WfC
sides of the arch together (Nnpier 1961); A
deeply curved carpal arch is characteristic ot

animals in which Hexing ot the (JiffitS play, a

major role fa locomotion and ia likely to he

similarly deepened and strengthened to match
the tixcrted stresses of clasping during climbing.

The manus of Thvhu-oh-o exhibits several

paradoxical features, (a) Digit I is capable of

wait divergence; and is paeudo-opposable yet

digits II III and IV show little divergence oi

cODvergence; (b) Digit V could diverge

TAJJJ l i

Habit and digital fefttttfllffl of the MrWtU ttj BQHIf "'ur

Habit Specie*

Digital ft ilfl

o! lu.j'iu-.

Arboreal FfictscuUtrctob * lierrta

Aibuit-.'l Pseudocftitt v | • status

Arbotcul 4ct*ifavley (M jrwwMVM

A i boo i i: '. , , ., ,..,..
i \nwit

03>2>5>l

>y>z>i

\i bo i al

At ho i eat
1'orrcMrul

Ar ho tea 1/

Tcrrestri.il

Arboreal/
Teiiesuml
Albr.rtjil

terrestrial

I ' r I, i.il

Torrestrwl
tVirrsiriiil

Tecrejtdul
1 1 rrthtflu)

I \yccr< i

''' cwu/i

Arth-ilftiut* fh\t;n r
.>

SSacro&us ruMtnt

rhyl'icuui\ i t'lflft I p

l>4>2>5>!

rcrre&iuol /;<>t ni> >n abesufas

Terrestrial Munoiis lugatiK

1>2

slightly; (e) AM digits are clawed Ihc ungual

crest on digit I being extreme]) lobust. and

recurved while those on the remaining digits

are small and slender widi little rcciirvalure-

(d) the carpal arch is deep and robust yet the

digits with the exception ot 1. are capable of

onlv limited palmar flexion.

Finch (1971) suggests that compared with

other marsupials Thylavolco lias relatively long

lunbs. and that the almost equal length of foic

and hind limbs implies i\ cmsoual mode of

locomotion. However she also notes that the

scansonal ( TrickosurtiS ) ;md koala | Phasco-

larctot) have ".fairly long fare limbs'* hut have.

ii\ contrast to Tlryktcolto, mobile digits *m the

farepQWS which enables the animal to maintain

a firm grasp oJ the branch of a tree. From our
analysis n£ the manus of Thylucoteo we con

elude rb.it. in spile flf the limited convergence

in digits II. Ill atld IV the animal doe* indeed

have an elficicnt and powerful grasping

mechanism in the opposition ol digit I to the

pi dorm. Furthermore although the manus
would adopt H digiligiadc stance on a horizon

tal surface it would be ideally adapted to a

climbing grasp. I ree fro.es of the tarnil'.

Hylldue illustrate this pomi very well. How-
ever a,-, pointed out by Bishop ll QM) there Is

little anatomical difference m the hands of ter

rest rial and arboreal carnivores, a hand we it
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adapted to a climbing grasp could equally well

be adapted to holding prey or both. The struc-

ture of the hind foot of Thylacoleo suggests a

plantigrade stance when on a horizontal sur-

face. Due to the absence of the cuneiforms and
digit I of the pes. speculations about its func-

tions are less meaningful, nonetheless it is

remarkably similar in form and structure to the

pes of the brushtailed possum (Trkhosums)
which is used mainly in a clasping manner. The
slender nature of metatarsals II and III and
their close apposition is strongly indicative of

syndactyly and is consistent with its proposed
phalangeroid ancestry.

Table I lists the digital formulae of a range
of marsupials. The truly arboreal forms among
the phalangeridae all have the typically long
4th digit similar to CartmuTs (1974} arboreal

sciurids. The digital formula for the manus of
1 hylacoleo is similar to a large range ot semi-

arboreal marsupicarnivores and terrestrial

herbivores.
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SALT CRUST SOLUTION DURING FILLINGS OF LAKE EYRE

byJ.A.Dulhunty

Summary

Investigations of solution of salt crust during the minor (1973) and major (1974) fillings of Lake

Eyre were carried out in relation to water depth, salinity layering and wave action. When water

depth exceeded half the maximum wavelength of surface waves, a saturated brine layer formed over

residual salt crusts and retarded solution. Following the filling in February 1974, a large area of the

thickest crust in central Madigan Gulf survived to the end of 1975 or early 1976, when water level

fell to less than half maximum wavelength, and the residual crust dissolved; the thickest part of the

Belt Bay crust survived until after September 1974 but dissolved by August 1975; in Jackboot Bay
the thickest crust dissolved by September 1974.



SALT CRUST SOLUTION DURING FILLINGS OF LAKE EYRE

by ) A. DutrtUNTV*

Summary
Di iimmv, I A (1977) Salt crust solution during fillings of Lake Eyre. Trims. R. Soc. S.

AWL 101(6). 147-151.31 August, 1977.

Investigations Qi solution of Ball crust durltlg the minor (1973) and major (1974) fillings

pf Lake Eyre were carried out in relation to water depth, salinity layering and wave action

When \vut<-r depth exceeded half the maximum wavelength ot sutface wave*, a saturated brine

layer formed over residual salt crusts and retarded solution. Following the filling in February
1974. a targe area of the thickest Cfuflt in central Madigan Gulf survived to the end of 1975
or early 1976, when water level fell to less than half maximum wavelength, and the residual

crust dissolved; the thickest part of the Belt Bay crust survived until after September 1974 but

dissolved by August 1975; id Jackboot Bay the thickest crust dissolved by September 1974,

Introduction

Sail crusts, up to 4b cm thick, rest on

Quaternary sediments in the southern hays of

Lake Eyre North (Bonython 1956; DtfUitinty

1974). Small inflows nl nvei water covering

parts of the lake bed, termed minor fillings.

frequently dissolve some of the salt, but \\ r

soon redeposited by rapid evaporation. On
widely spaced occasions, as in J 949 and 1974.

Sufficient water enters the lake to cover the

whole ol its bed and dissolve all the salt crusts.

On such occasions, referred to as major fillings.

it has been assumed that the salt crusts rapidly

dissolve: newly introduced sediments arc

deposited, and then new sail crusts reform on
top of the sediments as biiucs evaporate. How-
ever, no precise or quantitative investigations

have previously been made on the solution of

salt during fillings of the iakc, although

redeposition of sail after the 1949 filling was
described by Bonython & Mason (1953) .mil

Bonython ( 1956).

The distribution and thickness of salt ciums
in the southern bays of Lake Eyre North, were

surveyed under drv lake conditions in 1972
(Dulhunty 1974) In 1973 a minor filling of

the lake occurred when a limited quantity of

water entered from the Warburton River dur-

ing May, June and July It flowed to the south-

western corner of the lake filling Jackboot and
Belt Bays, where solution oi salt was examined
in July 1973. By late December 1973 the whole

of the water had evaporated and the dissolved

salt was redeposited, and the lake had returned

to a dry condition, as reported hy Mr M, O.

Hughes of Muloorina Station.

Larly in 1974 Lake Eyre rilled to the greatest

known depth since European settlement, and
possihly for 500 years (Dulhunty 1975). The
lake commenced to fill eatly in February 1974

and remained full throughout 1975 and 1976
during which time the solution of salt was
investigated in relation to water depth, salinity

layering and wave action: results are recorded

in this paper.

Methods ol' investigation

Areas of undissolved salt crust were found
by probing the lake bottom with a long pole

frOflfl a boat. Where salt crust was present the

pole hit its surface with a resounding impact

and tended to bounce. Where it was absent,

the pole penetrated the soft silt which had
underlain the crust before it dissolved. This

provided a simple, reliable and positive test for

presence or absence of salt crust beneath lake

waters Areas of residual crust were mapped
by running pole tests at intervals along pre-

determined lines, and plotting results,

I he thickness of a residual salt crust was
measured by boring from a boat anchored by

three radially disposed concrete blocks

A 15 mm wood-boring auger was attached

to lengths of 12.5 mm water pipe, screwed
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together so as Cjd about I m above the

surface pf Ihc water when the anger rested cm
the mi it li iud. a. woiHi-hoi in g brace was

lied to the Upper end of the piping, A long

pole vva* then lov.eual vertically to lest Oil the

salt beside ihe auger, and the position of a

mark near the top of the boring pipe was noted

i>n ,i senile attached to the pole. The auger was

then rotaied by means of the brace, anil the

depth penetrated into the salt by each rotation

was measured on the pole scale as Ihe pipe

moved down When the auger reached the base

of the salt crust and broke through into the

soft underlying silt, the depth of penetration

measured gave the thickness of the crust.

Water samples for salinity determinations

v.. i. collected at different depth.s by lowering

the weighted end of 12.5 mm hose to the

required level ami then slowly pumping water

up through the hO*e lo remove that taken in

Uuiirig the lowering. Further water from the

required level was then pumped slowly info

sample buttk. Densities of the water samples

measured very accurately, imd their

salinities, in terms o! grams or Lake Fyte salts

per hue Of solution, were determined from
densitv-salinity relations previously established

h\ solution of known weights of Lake Eyre

salts in water, and by gravimetric measurement

of total dissolved solids per Kite of Like Eyre

brines.

Results

Motor Fitttngt 1974
The in/ Lata bed survey cH sail crust ihtck-

nes* and distribution (Oulhuiuy iv74> was

Cffrried out about 18 months before Ihe major
i commenced In February l??4i This pro-

vided an excellent basis of pre-filiing control

Jala in investigation ot the progrevuvc solu

(ton ol sail crusts which occupied almost Vffq

years,

Hm principal uivustigartons wene carried out

in M.a-li.'jan Gulf where the largest and thickest

salt crust occurred before the tilling. Dulhunly

(1974] icrmcd the place of thickest salt and
i -t heighi value 'Centre Pnini* and noted it

Ut 10 km southerly from the point of
i :. i lowesst height recorded by

BorrytJ on f|d561
At various stages throughout the investiga-

tion, salinities were determined tor wafer from
the surface and <u different depths, as shown
in Figs IB and iC ihc }2 values shown atanjj

the si iifme in Fig. IB arc measured
.lues. Fiv.- 'A ere obtained from writer samples

collected a. LftVeJ fost Bay (2 in Match 1974,

I in December 1974 and 2 io March and April

1975)-, and the other 7 were <rom samples eel

lected at Centre Point. The sleep salinity

gradient in bottom waters overlying residual

salt crust, illustrated In Fig. 1C\ was obtained

by measurement of salinities in samples col-

lected from bottom waters at Centre Point anil

along hue A-B in Fig, 1 A. during July 1974.

Residual salt crust thicknesses shown along the

salt crust thickness curve tn Fie. IB were

measured by borings a! Centra Point flf stages

during progressive solution ot the emit

The curve for water depth m Fig IB reprc-

sents the mean ol a lat.ee number ol gauge

board readings in Level Post Bay and sound

inys at Centre Point. The depth value; tftQWD

along the cuive ate mean values at diffcrem

places to facilitate reading of the diagr Btl Th*
fall of about 0,4 m between November 1973

and March 1976. is based on interpolation

between readings in October 1975 and April

I
-'76 Unfortunately no rea weic made

between these dates, but the level must have

fallen, as a result ol ov.tporaiion. by at leu*

much as it did during ihe same period hi \9*
I

75 (see Fig. IBl. No water entered Ihc lake

during either of these summer periods Also

:n ions or shoreline wave cut features.

beneath water level later in 197&; indicated thar

the fake ha.J (ailed W I level equivalent to a

depth of about 3,2 m at Centre Point. There-

fore a faH to this depth is believed to have

. irred early in February 197b. An
appreciable volume ot water entered the 1'L-

from the Macurnba and Neales Kivt-rs and

Fromc Creek late in February 1976, raising

lake water towards the level'- measured in

April. May i\tn\ June of thai year.

The margin of the original sab crust before

the 1 *>74 lilliug, is shown in Fig, J A extending

almost to the shorelines of Madigan Gulf. To
the northwest the salt crust thinned out and

disappeared where the Gulf opened on to the

Slush Zone of very thin discontinuous salt over-

Iving soft mud and .slush extending across the

full width of the lake (Dulhunty 1974)

It had been generally assumed that the sab

crusts of Lake Eyre rapidly passed into solu-

tion as soon as a volume nl waicr in excess ol

thai which would have been sufbricnt to dis-

solve all the salt, entered the lake. The |D7«

tilling ol I ake Lyre North commenced m Feb-
ruary, and after six months filling with a

volume of water lar in excess of that neccs-
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FIG. 1A

SALT CRUST IN MADIGAN GULF
BEFORE FEB.1974 , AND AFTER
SOLUTION AT STAGES TO MAR. 1976

KILOMETRES

FIG, IB SALT CRUST SOLUTION, WATER DEPTH 6r SALINITY AT CENTRE POINT. FEB. 1974 to DEC. 1976

FMAMJJASONOJFMAM
19T4 1975

NO GRADIENT TO SURFACE

i 6

CENTRE POINT

LAKE
BOTTOM

^MARCiN ofSAL T CRUST
'RESlUUAL SALT CRUST

SECTION ALONG A -8, FIG lA —

FIG.1C
RESIDUAL SALT CRUST AND
SALINITY LAYERING in BOTTOM
WATERS of MADIGAN GULF,—

JULY, 1974

o 5 urn

L 1 , I I I

HORIZONTAL
SCALE

Fig. I. Relations of salt solutions to water depth and salinity in Madigan Gulf.
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sar\ to dissolve .u pje ,u \i, a residual area. c»f

rem&irted undissolved in the central *pw
of Madigan QflU Us margin UjIli ,..n.c,

pole ti t survey in July 1974, was as shown

m !
viu ia. Furtbci surveys ;i October

and August [975 showed progressive, but Slow-

ing solution or die residual ClUSt to the posi-

tion^, dtfnvn m Fig, I A. Pole tests by R Clarke

«Od M Atkinson in August 1976 and by the

author in Novemho 1976, established thai f ho

whole of the residltfil crust had gone into solu-

tion.

Measurements Ol salinity at different depths,

in fniv i97At established a saturated brine toys*

Ertitti !i> to 20 cm deep on the solution Surface

of the salt criiM Above the brine layer, there

e.xUted (datively high salinity water up to 50

cm deep with a high salinity gradient. The

«at\)l iled brtttt layer ciicl not extend more than

.-i. and the OVcrlyiHg Waft -abmcy vvjt-.i

more than 5 km beyond the edge of the salt

(FiK, lO Away from the area of residual

i CTttSt, where salt bad been completelv dis-

solved the lake waters exhibited verv |j I

ai.v *. limits gradient, and no saturated !

<

t| salinity wale» { ststcd on the bottom.

The bolloni saturated brine layers were

always ulmosl opatjue blacii fn colony rich in

dissolved hydrogen sulphide, and carried finely

divided organic dehris ami clay which

appeared to he almost colloidal, but could be

separated by nitration

Minot Filling, WJ
The minor filling of 1 like Eyre during May,

June and July 1 973 covered Belt and Jac! J

Hays and an aiea west of Hunt Peninsula to a

level of -13.6 m AH D It gave maximum
Water depths ol 1.58 m to the base ot salt

crusts in Bell Bay and 1-43 nrj In Jackboot Bay.

Some water, when aided by westerly wind--,

iloweU east jound Hambidgc Point into Madi-
tiun Gulf Covering pans of its bed to depths ot

ICS$ ihan 0<J m.

During July 1973. pole test surveyv for snli

in Jackboot and Belt Bays indicated

presence of relatively large jre.is of residual

sail crusts beneath the water cover, where the

thickest crusts wete ioaiKi in !
,
J>72 (Dulbunty

i-)74) atnd 'be deepest w.k.t occurred in 1971

Thicknesses of residual crusts- were measured
bv boring ^\mi water sampled were collected lor

salinity determinations. Approximately one
thud of the original thieki

been dissolved hy IfttC July (&7X under (tie

conditions which existed during the Ailing, pro-

ducing salinities ot ) 86 and 235 g/t in Bell

and Jackboot Baiya, respectively The
amount ot water which reached Madiyan Gulf

covered pan of the salt crust in central

of the Gulf and extended almost to Willow

Hend- Meiisurements S km northeast ofWil
Head showed that about 12 mm ol crust had

been dissolved by the end ol July when watei

salinity reached saturation at about 325

Salt iokitton in jackboot and Hth Baya.

1074-75

Only limited opportunity was available lor

investigation of salt crust solution in Jackboot

and Belt Bays during the 1974 tilling Survey:,

ol these bays were made eaily in September

IV 74. to ascertain the extent to which ill

solution had occurred. Pole test uavetses in

Belt Bay indicated a roughly circular residual

IUCfl Of sail crust., about LS km in diametei.

when; th ke*t salt oecuired in 1972.

1 1 1 1 a icdiatet y to t be northwest of Q sill

island situated 15 km west ot Bonylhon
Head. Al a point 0.4 km west of the southern

tip of the island, water depth was 5 8 m, Sail

thickness was 6 cm where it had been oneanaily

mi, upper water salinity was 9. 1 g/J and a

gradient from 1 1 to $25 g/t occurred m 1 m ol

bottom water lyfna on the salt crust, ibis mdi

Bated a I&3 I oi aturated brine on (be solution

surface ot the sail crusi as in M*dlgan Gulf, and

the 23 cm ol salt dissolved was slightly less, hu»

comparable with the 29 cm dtsMjlved in Madi-

gan Gulf bv early Septcnihci 1974. A pole lest

fi | 'II .n n.c.JKitcK west Of the ill I
"i,

in Belt Buy, hy R. Clark, and A & M. A I

It 1^75, indicated that the CruM
had completely dissolved, and a ifaOG water

sam pic col lecteri a i t

h

l- same lime cave a

salinity of 29 3 u/7.

lu Jackboot Bay tt was found that the main

•-...It crust had dissolved by early September

1974, with only occasional small patches of

snlt remaining on the bottom. Maximum watei

depth was 5.75 m and salinity Of upper watci

I1.K g// with a gradient tn'iu 13.4 to 15.0

g/i in L0 m Of bottom wttcr, where the salt

crust had onymail) been 21 cm thick. This

means that solution bJ 23 cm ol salt IiulI

occulted in Jackboot Ba\ as in Belt Bav and
that it ha<l just ivn.;v.ed aU 'he main ciusi. Nu
bottom brine layer wa i d in Septemtu
1974 due ffssihiv to the entail frnea ol thick

crust in Jackboot Buy. or dispersion \tid %0\u
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Conclusions

Suit trust .solution in Mudigan Gulf, 1974—76
It was evident that the saturated brine layer

and overlying high salinity water regulated rate

of solution of the crust Where water depth was
appreciably Jess than half the wavelength of

wind waves on the surface, disturbance from
wave action would have been sufficient to

prevent the formation of a brine layer, and salt

CTUat would have dissolved. At depths con-

siderably in excess of haJf the wavelength, dis-

turbance of bottom water would have been

negligible and a brine layer could have formed
over Ihe salt. During the strongest winds
experienced on the lake, wavelengths of 8 m
were measured suggesting that salt crusts at

depths of less than 4 m would dissolve rela-

tively quickly, but at greater depths they could

he prolectcd by overlying hrine layers, There-

foie the history of salt crust solution in Madi-

gan Gulf during the 1974 filling, appears

evident Irom relations between salinity, water

depth and i ale i)i solution of salt illustrated in

Fig, 1 B.

With early vigorous inflow of relatively

shallow water across the lake bed during Feb-

ruary and March 1974, solution of salt was
very active. Crust thickness was quickly

reduced from its original thickness of 46 cm at

Cenlre l*oint, to about 28 cm, producing water

salinities in excess of 30 g/7. Water depth

increased rapidly until the end of May, reach-

ing its maximum ol 6 m in early June 1974.

Depths in excess oi hall the maximum wave-
length of wind waves were Boon established.

With lack of wave disturbance in bottom
waters, brine layers commenced to form on the

residual salt crust, slowing down rate of solu-

tion. This, and dilution of upper waters by
enormous volumes of fresh water, reduced

salinity of the upper waters to as low as 10

g// in August. From September 1974 to Octo-
ber 1 975, water depth and salinity increased,

and (be rate of salt solution slowed down and
almost ceased by September 1975 Water level

continued to fall reaching a depth ot less than

half the maximum wavelength during October
where it remained until April 1976, In August
1976 no salt crust remained, and it is believed

that it finally dissolved during the period from
October 1**75 to March 1976, as illustrated in

Fig. 1C.
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